Introduction
The prospective payment system (PPS) is commonly used to reimburse hospitals across Organisation for Economic Co-operation and Development (OECD) countries [1] . It is built on a patient classification system that categorises patients into resource homogeneous groups, with each hospital receiving a fixed pre-determined tariff for every patient falling into a given group. This generates incentives for hospitals to contain costs.
In its purest form, a PPS reimburses hospitals only on the basis of the volume and type of patients treated, without taking organisational characteristics into account. Under the German PPS, for example, tariffs do not depend on the hospital's ownership status or membership to the national insurance programme [2] . In contrast, other PPSs do consider organisational characteristics. In the French PPS, for instance, prices differ for public and private hospitals [3] . In some countries, the PPS provides greater compensation to allow for the costs of specialist care. An example is the PPS of the Lombardy region in Italy, which applies a tariff top-up to all hospitals with 'high specialisation' units [4] . In England, hospitals are paid extra if their patients receive specialised care [5] .
costs of specialist hospitals were no lower than the costs of general hospitals. While cardiac hospitals' costs were not significantly different from general hospitals', orthopaedic and surgical hospitals had 20% higher inpatient costs. Higher costs were due to more specialised and costly facilities, higher staffing levels, better quality of care, but also excess capacity and low inpatient volumes [15, 16] .
Such findings have stimulated empirical research on specialist hospitals' costs. Barro et al. [17] study the impact of specialist cardiac hospitals on overall expenditure and quality in the US between 1996 and 1999. They find that entry of specialist hospitals reduces expenditure growth without affecting outcomes. Carey et al. [18] investigate the cost efficiency of US specialist hospitals between 1998 and 2004. They find higher levels of inefficiency in orthopaedic and surgical hospitals compared to general hospitals. Kim et al. [9] analyse South Korean specialty orthopaedic hospitals between 2010 and 2012, which are found to apply higher patients' charges than general hospitals. The authors suggest that such higher charges are due to greater set-up, investment, staffing, and treatment costs.
The present study contributes to this small empirical literature. We investigate the financial viability of specialist orthopaedic hospitals relative to trauma and orthopaedics (T&O) departments in general hospitals in the English National Health Service (NHS). Our primary objective is to test whether costs of specialist orthopaedic hospitals are higher than T&O departments in general hospitals even after accounting for differences in revenues. In other words, we test whether the current PPS covers the costs of specialist orthopaedic hospitals relative to T&O departments in general hospitals.
In England, the majority of hospitals are funded through the national tariff payment system (NTPS). 2 The NTPS is characterised by two key elements: the healthcare resource groups (HRGs), which classify patients into homogeneous categories based on diagnoses, procedures and some patients characteristics [3] ; and the tariffs, which vary by HRG and admission type (elective or non-elective) and reflect the national cost for an HRG averaged across all hospitals [20] . An additional payment for excess bed days is made for patients whose length of stay is beyond a threshold, called the trim point, which also varies by HRG and admission type. 3 Both the base and excess bed day tariffs are adjusted by the market forces factor (MFF) index to account for exogenous geographical differences in input prices [21] . Tariffs are inflated if the patient receives specialised services under specific HRGs [5] . 4 With such a payment system, specialist hospitals are likely to obtain higher revenues owing to the greater proportion of patients within an HRG who receive a specialised service.
We collect data at HRG level from the NHS reference cost (RC) database for the financial year 2013/14. Such data allow us to analyse the unit cost per patient of every inpatient HRG delivered through the T&O department of each hospital trust (hospital from now on) in the sample. 5 Our econometric strategy employs four regressions. The first regression provides raw differences in unit costs between specialist orthopaedic hospitals and T&O departments. In a second regression, we compare unit costs after controlling for differential payments (due to different HRGs and other tariff corrections). This is our key model and provides differences in profit margins between the two types of hospital: given that HRG tariffs are fixed, any differences in unit costs after controlling for differences in payment will be reflected in the profit margin. In the third regression, we explain any differences in profit margins (i.e., in costs after controlling for payment) as a function of possible determinants including patient characteristics such as proportion of males, age, socio-economic status, number of diagnoses and procedures, and hospital characteristics such as the salary of doctors, hospital type, scale economies, quality, and geographical location. Our fourth regression examines the heterogeneity in profit margins across specialist hospitals. We estimate these models by weighted least squares (WLS), clustering standard errors within hospitals.
The English NHS includes 141 general hospitals with a T&O department and three specialist orthopaedic hospitals. Although there are few specialist orthopaedic hospitals, they play an important role in the English NHS. They deliver high proportions of specialised services, commonly low-volume but high-cost treatments for patients with complex and rare conditions. Specialist orthopaedic hospitals therefore allow the achievement of a critical mass of clinical expertise to ensure patients receive specialised treatments that produce better health outcomes [22] . For instance, they provide 90% of bone and soft tissue sarcoma surgeries, and 50% of scoliosis treatments. They also perform high proportions of more common, corrective procedures, such as 50% of revision 9 Are cost differences between specialist and general hospitals compensated by the prospective… knee replacements and 20% of revision hip replacements [23] . We focus on specialist orthopaedic hospitals because T&O is the specialty with the fourth highest volume of patients, after general medicine, general surgery, and paediatrics. In 2013, 6.7% of all NHS patients were treated in a T&O department.
To the best of our knowledge, this is one of the first attempts to study differences in profit margins between specialist hospitals and departments within general hospitals undertaking similar activities. Previous work focuses on either costs [e.g., [16] ] or revenues [e.g., [9] ]. Our analysis is at the HRG level, rather than patient level, making use of cost data that all English hospitals are required to report annually to the Department of Health (DH). This is a natural choice since payment is also at the HRG level and our focus is on controlling for differences in payment across hospital types. As cost data are available only at HRG-level in most countries, our methodological approach can easily be employed and replicated in future studies, either to compare specialist and general hospitals, or to make other types of comparison, such as between teaching and non-teaching hospitals.
In the next four sections of the paper, respectively, we provide the economic framework, describe the econometric strategy, illustrate the data and some descriptive statistics, and present the results. The final section discusses and concludes.
Economic framework
Under a PPS, hospitals are funded according to the number and type of patients treated. In the English payment system, the total revenue of hospital k = 1, … , K for providing HRG j = 1, … , J amounts to: is the per diem unit cost of hospital k for each excess bed day falling under HRG j. Since the national tariffs are set equal to the national average cost, we can write them more explicitly as:
Therefore, the total profit function of hospital k for providing HRG j is:
The profit margin, i.e., the profit per patient allocated to HRG j in hospital k, can be written as: Several factors driving hospital unit costs may also explain differences between specialist and general hospitals. Following Bradford et al. [24] , we summarise these in the following function: where x jk is a vector of patient characteristics not captured by the HRG classification system; and z k is a vector of hospital characteristics, such as input prices that are not captured fully by the market forces adjustment, teaching activity, or economies of scale. For instance, specialist hospitals are likely to employ surgeons with advanced expertise that are paid higher salaries, and to use more costly high-tech equipment. A high level of specialisation is likely to produce high quality of care and, perhaps, higher costs. Specialist hospitals might attract higher volumes of patients, which may allow them to exploit economies of scale but could translate into larger proportions of complex patients requiring a more intensive use of resources. Below, in our empirical analysis, we are able to control for a number of such explanatory factors.
Econometric specification
We focus on four key specifications. The dependent variable is the log of the inlier unit cost (c ). 8 All models are estimated by WLS in order to take into account, respectively, the number of patients (y jk ) or excess bed days (q jk ) of every HRG within each hospital. Moreover, we cluster standard errors within hospitals in order to allow for any form of serial correlation of errors across HRGs.
In the first regression, model I, we test whether unit costs are on average higher in specialist orthopaedic hospitals before accounting for any differences in payments across hospitals:
where c jk is the inlier or per diem unit cost of HRG j in hospital k, μ is the intercept, s k is a dummy equals one if hospital k is a specialist orthopaedic hospital, and jk is the error term.
The estimated coefficient ̂ translates into ̃= exp ̂ − 1 [25, p. 240; 26] . This expresses the percentage difference in unit costs between specialist orthopaedic hospitals and T&O departments in general hospitals, i.e., ̃= c s −c g c g with c s and c g being respectively the specialist orthopaedic hospitals and the T&O departments' unit cost averaged across HRGs and hospitals. Suppose that ̃> 0, which implies higher unit costs in specialist orthopaedic hospitals. This, however, does not necessarily imply that specialist orthopaedic hospitals have lower profit margins because no account is taken of hospital revenue. Specialist orthopaedic hospitals may provide more expensive treatments that are fully compensated by a higher HRG tariff.
Our second and main econometric specification, model II, accounts for differences in payments across specialist orthopaedic hospitals and T&O departments:
where m k is the MFF index, e jk is the proportion of specialised services, and j indicates a set of HRG fixed effects that controls for differences in average cost for each HRG; in turn, this controls for the fixed prices at HRG level, which are based on the average cost within each HRG.
This specification compares unit costs across specialist orthopaedic hospitals and T&O departments, after differences in the MFF and specialist top-up payments are taken into account. The tariffs are subtracted through the HRG fixed effects, i.e., a dummy variable for each HRG j. The estimated coefficient of every HRG dummy captures the average unit cost of the corresponding HRG category. Suppose again that ̃> 0 (computed using the estimated ̂ in model II). This result now implies that specialist orthopaedic hospitals exhibit lower profit margins compared with T&O departments.
If we find that specialist orthopaedic hospitals are less financially viable, the finding could be due to a number of competing reasons, which we account for in our model III. Following common practice [e.g., 27, 28] , this model controls for patient and hospital characteristics that may explain differences in unit costs in addition to differences in payments and, therefore, profitability:
To illustrate this point, suppose that a specialist orthopaedic hospital s and a T&O department in general hospital g have the same volume of patients and excess bed days (y s = y g , q s = q g ), the same location (m s = m g ), and the same proportion of top-up tariffs (e s = e g ). Then, differences in profits will be equal to
implies that the specialist orthopaedic hospital has lower profit margins than the T&O department in a general hospital. Such a difference will reflect factors not allowed for in the payment mechanism.
where x jk is a vector of patient characteristics measured at HRG level namely the proportion of males, average age, average socio-economic status, average number of diagnoses, and procedures; and z k is a vector of hospital characteristics such as doctor salaries, a dummy indicating whether the hospital is teaching hospital or a foundation trust, size dummies calculated using the number of T&O beds to capture potential economies of scale, the average patient outcomes for hip and knee replacement as measure of quality, and regional dummies to allow for residual geographical differences not captured by other adjustments. The estimated coefficient ̂ in model II provides an average effect across specialist orthopaedic hospitals. There may be heterogeneity in terms of their financial position, with some exhibiting lower deficits and others higher surpluses. To explore such heterogeneity, as a sensitivity analysis, we estimate the following model IV, which includes hospital fixed effects and directly standardises unit costs (c jk ) by the MFF index (m k ):
In this specification, the specialist orthopaedic hospital dummy (s k ) used in model I, II, or III is replaced with a vector of hospital dummies (h k ). Also is now a vector including k coefficients, one for each hospital dummy: for instance, if ̂k > 0 then the provision of trauma and orthopaedic services in hospital k implies lower profit margins relative to the average hospital. We directly standardise unit costs (c jk ) because the MFF index (m k ) would be perfectly collinear with hospital dummies (h k ) if added as an additional control variable.
All regression models are estimated separately for inlier and per diem unit costs because the HRG price is computed separately for inlier and excess bed day activity. For each model, we obtain the inlier and per diem estimates of , which are then used to compute an overall measure of cost (for model I) or profitability (for models II, III, and IV). For instance, consider our key model II in Eq. (10), which estimates the percentage difference in inlier or per diem profit margins between specialist orthopaedic hospitals and T&O departments. The percentage difference in overall profit margin per patient treated between specialist orthopaedics hospitals and T&O departments, after allowing for differences in unit costs of excess bed days, can be written as:
where ̄g −̄s is the difference in profit averaged across HRGs and hospitals between T&O departments and specialist orthopaedic hospitals, expressed as a percentage of the T&O departments' total cost averaged across HRGs and hospitals, C g (to be consistent with the interpretation of profitability of the inlier activity, ̃I N , and excess bed day activity, ̃E B ); c are the difference in inlier and per diem unit costs averaged across HRGs and hospitals, respectively; ȳ and q are the average volume of patients and the average number of excess bed days, respectively. 9 Standard errors of the overall estimates are bootstrapped using 1000 replications.
Data
Our primary source of data is the RC database for the financial year 2013/14. For every admission type of every single inpatient HRG, each hospital annually reports information on inlier unit costs, per diem unit costs, number of patients, and excess bed days.
Hospitals follow a standard process in calculating unit costs by applying the rules set out in the NHS costing manual, which establishes three basic principles [29] : first, costs capture the full cost of the services delivered, so that they can be reconciled back to the original aggregated costs in the accounts; second, costs are preferably allocated through direct imputation rather than through apportionment; and third, costs rigorously match the services generating them. The costing process consists of a top-down approach that, in the first instance, groups total costs into: costs that are directly attributable to patients (e.g., doctors, nurses, drugs); costs that are only indirectly linked to patients and that are identified on an activity basis (e.g., linen, catering); and overhead costs that are not related to patients (e.g., senior managers, administrative employees). Such costs are then attributed to macro-areas of treatment and support services (e.g., pharmacy, building maintenance), to hospital specialties (e.g., general surgery, orthopaedics), to wards, and finally to HRGs. Costs are further split by admission type such as non-elective (short or long), elective, and day case. 9 The computation of the overall profitability for model IV in Eq. (12) differs from the computation described in Eq. (13) .
EBq , where ̄k and c k are the hospital k's total profit and unit cost respectively averaged across HRGs and hospitals, ̄ and c are the total profit and unit cost respectively averaged across HRGs and hospitals, C is the total cost averaged across HRGs and hospitals, c
. Also in this case, the standard errors of the overall estimates are bootstrapped using 1000 repetitions.
Cost data are audited and must comply with validation rules to assure their accuracy, which is fundamental for the calculation of the national tariffs [30] .
Our sample for the analysis of inlier unit costs consists of 79,096 observations across 1284 HRGs and 134 hospitals.
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Of these observations, 14,181 refer to day case treatment, 18,170 to elective care, 19,532 are short-stay non-elective care, and 27,186 are long-stay non-elective care. The sample for the analysis of per diem unit costs comprises 16,098 observations, of which 4087 are elective and 12,011 are non-elective.
For every HRG in each hospital, we calculate the proportion of patients who receive specialised orthopaedic services, the proportion of male patients, average patient age, average socio-economic status, average number of diagnoses, and procedures using data summarised from patient-level information in the HES [31] . 12 We collect several variables measured at hospital level, most of which are from the Health and Social Care Information Centre (HSCIC; since renamed NHS Digital): a dummy variable for specialist orthopaedic hospitals, teaching hospitals, and foundation trusts; the average salary of doctors employed in the T&O specialty; 13 and regional dummies. The HSCIC also provides Patient Reported Outcome Measures (PROMs) including, for each hospital, the average health change of patients undergoing hip and knee replacement [32, 33] . PROMs measure the patients' quality of life through the EQ-5D health-status questionnaire before and 6 months after their surgery. Hence, the health change is the difference between the post and pre-surgery EQ-5D scores, and it is estimated through a risk-adjustment methodology that takes account of patient characteristics and factors beyond hospitals' control [34] . 14 Using data from the NHS statistics, we construct dummies related to the size of the T&O department (small, medium, large, and very large), which are defined on the quartiles of the T&O beds distribution of all hospitals. Finally, the RC database reports the MFF index. Figure 1 illustrates that the distribution of inlier and per diem unit costs substantially departs from normality when in natural units, while it is approximately normal after taking the log. Table 1 contains descriptive statistics of the variables measured at HRG level for the sample with observations of all admission types. 15 Our sample includes the three specialist orthopaedic hospitals and 131 T&O departments in general hospitals. Specialist orthopaedic hospitals have on average higher inlier unit costs than T&O departments (£5196 vs. £2987) and a higher number of patients per HRG (20 vs. 12) . The proportion of patients receiving specialised services is higher in specialist orthopaedic hospitals (1.1%) than T&O departments (0.1%). 49% of patients are male in both specialist orthopaedic hospitals and T&O departments, while patients in specialist orthopaedic hospitals are on average 8 years younger (47 vs. 55) and better-off (deprivation index greater by 2%). Specialist orthopaedic hospitals record about the same number of diagnoses (5) for their average patient but provide one more procedure (4 vs. 3) than T&O departments.
Descriptive statistics
The lower part of Table 1 also provides descriptive statistics for excess bed days. Per diem unit costs are on average higher in specialist orthopaedic hospitals (£465) than in T&O departments (£301). There are on average 22 excess bed days per HRG, but many more in the specialist orthopaedic hospitals (45) than in T&O departments (22) . The proportion of patients receiving specialised services with a per diem unit cost is also higher in specialist orthopaedic hospitals (2.7% vs. 0.1%). Similarly, the proportion of male patients with a long length of stay in specialist hospitals is slightly greater than in T&O departments (47.5% vs. 46.8%). Footnote 10 (continued) do not have an overnight stay in hospital, while elective and long nonelective patients have at least one overnight stay. 11 10 T&O departments in general hospitals did not report data on PROMs for hip or knee replacement and they are, therefore, dropped from the sample. 12 We count specialised services following the rules defined in the Prescribed Specialised Services, and not the criteria specified in the Specialised Services National Definition Sets. We use the overall Index of Multiple Deprivation (IMD) as a measure of socio-economic status. This index is constructed through the combination of seven IMD domains such as income, employment, health deprivation and disability, education, skills and training, barriers to housing and services, crime, and living environment. A value of one indicates extreme deprivation while 32,482 indicates no deprivation. 13 The salary of a doctor employed in the T&O specialty is estimated through a s-shape function of age, minimum and maximum salary. Further details are provided in the "Appendix 1". 14 More precisely, the risk-adjustment methodology comprises three steps. The first step consists of estimating a generalised least-square fixed-effects model in which the dependent variable is the postsurgery EQ-5D score of each patient, the covariates are pre-surgery EQ-5D score, patient characteristics (e.g., gender, age, ethnicity), economic deprivation, comorbidity, procedure and post-operative length of stay. This regression also controls for unobserved hospital heterogeneity through fixed effects. In the second step, the model is used to estimate predictions. The third step aggregates such predictions to obtain the adjusted average post-surgery EQ-5D score for each provider, from which the national average pre-surgery EQ-5D score is subtracted for the calculation of the adjusted average health gain.
Footnote 14 (continued)
Long-stay patients are 9 years younger (49 vs. 58), better-off (deprivation index greater by 3%), and have the same number of diagnoses (5) but one more procedure (4 vs. 3) in specialist orthopaedic hospitals compared to T&O departments. Table 2 illustrates descriptive statistics of the variables measured at hospital level. 24 (17.9%) trusts are teaching hospitals, and 80 (59.7%) hospitals have foundation status. Two of the specialist orthopaedic hospitals are foundation trusts but none is a teaching hospital. 15 hospitals are in the London region, one of which is specialised. The remaining two specialist orthopaedic hospitals are located in the West Midlands region, which includes 14 other general hospitals. The regions with the largest and smallest number of hospitals are, respectively, the North West including 22 hospitals, and the East Midlands and the North East with 8 hospitals. On the basis of the quartile division, a T&O department is categorised as small if it has less than 46 specialty beds, medium if between 46 and 61 beds, large if between 62 and 79 beds, and very large if it has more than 79 beds. The three specialist orthopaedic hospitals fall into the very large group. The MFF index is on average greater in specialist orthopaedic hospitals compared to T&O departments (1.085 vs. 1.075). A doctor working in T&O earns on average approximately £86,000. Doctors in specialist orthopaedic hospitals are paid 5.6% more, on average, than doctors in T&O departments.
Of all NHS patients treated in the T&O specialty, 9.5% received a hip replacement and 6.7% underwent a knee replacement. Specialist orthopaedic hospitals have a higher average health gain for hip (0.442 vs. 0.425) and knee (0.317 vs. 0.315) replacement. Table 3 provides the estimation results of models I, II, and III for inlier and per diem unit costs when all admission types are included in the sample. Recall that unit costs are in logs. The specialist orthopaedic hospital dummy's estimated coefficient is positive and statistically significant at 5% level in models I and II but it is insignificant in model III for the inlier unit costs. It is always negative but statistically Specialist orthopaedic hospitals and T&O departments in general hospitals have therefore statistically different costs for the inlier activity but statistically similar costs for the excess bed day activity. The first column of Table 3 shows the estimates of model I in Eq. (9), indicating raw differences in unit costs between specialist orthopaedic hospitals and T&O departments. Specialist orthopaedic hospitals have on average [exp(0.149) − 1 =] 16 16.1% higher inlier unit costs. In contrast, they have on average 14.4% lower per diem unit costs, but this result is not statistically significant.
Results
Model II in Eq. (10) provides estimates of differences in unit costs after accounting for differences in revenue by subtracting tariffs (HRG fixed effects) and by accounting for tariff adjustments (MFF and specialised services topups). The specialist orthopaedic hospital dummy's estimated coefficient therefore can be interpreted as the difference in profit margins between specialist orthopaedic hospitals and T&O departments. 17 Specialist orthopaedic hospitals have on average 20.3% lower inlier profit margins. A percentage point increase in the proportion of specialised services raises inlier unit costs by 1.2%. A standard deviation increase in the MFF (0.064) is associated with an increase in inlier unit costs of 5.6%.
With model III in Eq. (11), we investigate whether differences in profit margins can be explained by patient and hospital characteristics. The differences in inlier and per diem unit costs (̂) are both statistically insignificant, as are the variables capturing hospital characteristics. Instead, patient characteristics measuring age and number of diagnoses and procedures are significant at 1% level in explaining the differences in inlier (but not per diem) profit margins between specialist orthopaedic hospital and T&O departments. 18 Age and inlier unit costs have a quadratic relationship so that unit costs decrease up to 75 years (− 0.015/ (2 × 0.0001)) and increase above that. At the sample mean of 54.7 years, one more year decreases inlier unit costs by 0.4% (− 0.015 + 2 × 0.0001 × 54.7). An additional diagnosis or procedure raises inlier unit costs by 3.8% or 2.4%, respectively. We extend model III by adding interactions between all control variables. We find that differences in both inlier and per diem profit margins between specialist orthopaedic hospitals and T&O departments remain statistically insignificant (see Table 10 in the "Appendix 3"). 19 So far, we have presented our findings on specialist orthopaedic hospitals for inlier and excess bed day hospital activity, separately. Table 4 reports the overall percentage change in unit costs (̃) between specialist orthopaedic hospitals and T&O departments for each admission type. 20 The overall percentage change is calculated as the sum of inlier and per diem percentage changes in unit costs or profit margins. The first column shows the percentage changes derived from model I. The overall unit costs are not statistically different between specialist orthopaedic hospitals and T&O departments. In model II, when hospital revenues are taken into account, specialist orthopaedic hospitals have on average 13% lower overall profit margins than T&O departments at 1% of statistical significance (see footnote 17 for details on the interpretation). Model III shows that the overall profit margins in specialist orthopaedic 18 To reinforce this finding, we provide the results of a stepwise regression in Table 8 in the "Appendix 3". These results show that age, number of diagnoses, and procedures together drive the differences in inlier unit costs between specialist orthopaedic hospitals and T&O departments in general hospitals, with there being a seeming difference between the hospital types if any of these patient characteristics are omitted. Table 9 shows that differences between hospital types in per diem unit costs are always statistically insignificant whether or not patient characteristics are accounted for. 19 As a further robustness check, we estimate model V, which is akin to model III but also includes hospital random effects. Unlike the hospital fixed-effects model, the hospital random-effects model can be estimated when the specialist orthopaedic hospital dummy is included, although this requires the additional assumption that the covariates are uncorrelated with the HRG-invariant unobserved hospital heterogeneity. Table 11 in the "Appendix 3" shows that the results for model V are very similar to those for model III.
Footnote 19 (continued) 20 Recall that the percentage change (̃) is obtained through the exponential transformation of the estimated coefficient (̂).
hospitals are no longer significantly different from those in T&O departments after controlling for some key determinants including patient characteristics such as proportion of males, age, socio-economic status, number of diagnoses and procedures, and hospital characteristics such as salary of doctors, hospital type, specialty size, quality, and other regional differences. 
Sensitivity analysis
As a sensitivity analysis, we estimate the same three models for each admission type. The lower panel of Table 4 (second column) shows that statistically significant lower overall profit margins in specialist orthopaedic hospitals are found for elective (22.6%) and long non-elective activity (38.9%), but not for short non-elective and day case activity. Finally, estimation of model IV including hospital fixed effects in Eq. (12) suggests wide variation in overall (inlier) profit margins across hospitals in our sample, from 37.5% (38.6%) below the average to 38% (40.6%) above the average. Figure 2 indicates that 45 hospitals, i.e., about a third, have significantly lower overall profit margins compared to the average profit margins, and 42 have significantly higher overall profit margins. 21 None of the three specialist orthopaedic hospitals have overall or inlier profit margins significantly above the average. In particular, as shown in Table 5 , the overall profit margins of the Robert Jones and Agnes Hunt orthopaedic hospital (− 19.9%) and the Royal orthopaedic hospital (− 35.2%) are significantly below the average. 22 The Royal National Orthopaedic Hospital has instead average overall profit margins. The latter finding is driven by higher profit margins on day case activity (40.6%). Fig. 2 Distribution of overall and inlier profit margins 21 We count only hospitals for which confidence intervals do not overlap the dashed horizontal line at zero, i.e., hospitals for which the deviation of profit margins from the mean is statistically different from zero. 22 Recall that β k in model IV captures the deviation of hospital k's profit margins from the mean profit margins: a positive β k means that hospital k's profit margins are lower than the mean, while a negative β k suggests that hospital k's profit margins are higher than the mean (see also footnote 17 for details on the interpretation). For ease of interpretation, we multiply the estimate of β k by minus one and, therefore, the negative sign now indicates profit margins that are lower than the mean. All coefficients in Table 5 indicate the percentage change (̃k) obtained through the exponential transformation of ̂k .
Discussion and conclusions
The English NTPS is used to reimburse hospitals according to the amount and mix of activity that they undertake. Like most PPSs, there is a recognition that HRGs imperfectly account for all patient or exogenous hospital characteristics that might influence costs [35, 36] . As such, payment adjustments include top-ups to the tariff if patients received particular specialised care and payment corrections allow for differential costs of labour and capital across the country. These refinements help ensure a fair reimbursement system that rewards hospitals according to the care that they provide, not the advantageous circumstances in which they might operate [5, 37] . Given these payment adjustments, hospitals that provide care at a cost below tariff should be more profitable. Arguably specialist hospitals should be in a strong position to benefit financially from these arrangements. By focussing on a limited set of services they should be able to better exploit informational or organisational advantages associated with specialisation. Such advantages derive from concentrating on a specific, defined caseload that enhances learning-bydoing and attracts staff with particular expertise and more easily allows efficient practice in care delivery to be identified and operationalised [13] .
If these advantages obtain we would expect specialist hospitals to earn higher profits than general hospitals that undertake similar activities. The evidence provided in this study does not support this claim. We have analysed the costs and revenues associated with delivery of trauma and orthopaedic services in all three specialist orthopaedic hospitals and 131 T&O departments in general hospitals in England. We find that, compared to the national average, profit margins are 13% lower in the three specialist orthopaedic hospitals. Profits are statistically significantly lower across all patients that have at least one overnight stay, either elective or non-elective.
These lower profits are not due simply to patients in specialist hospitals requiring long lengths of stay or specialist care. Payment arrangements allow for this possibility through excess bed day payments and tariff top-ups for specialised treatments, and we account for these revenue adjustments in our analysis. Nor does it appear that differences can be explained by the characteristics of the hospitals such as their teaching and foundation status or geographical location, nor by the number of the T&O patients treated, nor by variation in doctors' salaries, nor by the quality of care as captured by PROMs for two high-volume orthopaedic procedures such as hip and knee replacement. Lower profits are observed even after these potential explanatory factors are taken into account.
Instead, we find that lower profit margins in specialist orthopaedic hospitals are explained by patient characteristics such as age and severity as captured by the number of diagnoses and procedures. This means that although hospital payments are based on a detailed patient classification system (HRG) and on adjustments for the higher cost of specialised care, providers that generally attract more complex patients such as specialist orthopaedic hospitals may be financially disadvantaged. That said, being part of a general hospital does not guarantee better financial performance with 33% of the T&O departments also making a loss.
Our study has three main limitations. First, our sample includes only three specialist orthopaedic hospitals. Such a small number of specialist orthopaedic hospital trusts, however, is not the result of sample selection but reflects the reality that there are only three specialist orthopaedic hospital trusts in the English NHS. Specialist hospitals are few and far between in many countries. Hence, we believe that our analysis is appropriate and generally applicable. Moreover, although we are limited by the actual number of hospitals, we analyse hundreds of HRGs for each specialist hospital and we investigate heterogeneity across the three hospitals in model IV using hospital fixed effects. This model shows that two of the three specialist hospitals make a loss and none of them makes a profit, which confirms that specialist orthopaedic hospitals are in a relatively weak financial position.
Second, our estimated tariffs may not be identical to current tariffs, i.e., the actual tariffs that hospitals receive in 2013/14. We compute tariffs by including in our models (II, III, or IV) the HRG fixed effects, which capture the unit cost of each HRG averaged across hospitals. This reflects the methodology used to compute current tariffs but, in practice, current tariffs are based on cost data lagged by 3 years in order to ensure data accuracy and stakeholder engagement in their calculation [21] . To account for the time lag, the current tariffs' methodology adjusts for inflation and efficiency trends. We therefore argue that tariffs estimated through our methods are a reasonable approximation to current tariffs. Finally, PROMs are currently available only for two orthopaedic procedures such as hip and knee replacements. These procedures are, however, the most common in T&O departments: of all NHS patients treated in the T&O specialty, 9.5% receive a hip replacement and 6.7% undergo a knee replacement. We therefore argue that hip and knee replacements are indicative of departmental performance.
Future research may be required before a definitive recommendation about whether profit margins differ in trauma and orthopaedic services across general and specialised hospitals. But we have set out a methodology that can be applied to other types of hospital service and in other settings, to investigate the extent to which differences in costs between groups of hospitals are adequately covered by prospective payment systems. 
3 Appendix 3: additional sensitivity analysis
See Tables 8, 9 , 10 and 11. (2) 0.0002** (6) × (2) 0.000002*** (3) × (9) − 0.001** (6) × (13) − 0.00002** (5) × (11) 0.0001** (6) × (14) − 0.00005*** (5) × (4) 0.00001*** (6) × (15) 0.001*** (7) × (2) − 0.003** (7) × (2) 0.002** 
